S
INCE MAY 2011, A LARGE OUTbreak of Shiga toxin-producing Escherichia coli (STEC) has caused 3816 documented infections in Germany, including 845 confirmed cases of hemolytic uremic syndrome (HUS). 1 The outbreak strain was characterized as an extended-spectrum ␤-lactamaseexpressing E coli of serotype O104:H4 with virulence factors of both enterohemorrhagic E coli (EHEC) and enteroaggregative E coli (EAggEC). [2] [3] [4] In the recent outbreak, HUS developed in a large percentage of patients (22%), and 88% of the patients in whom HUS developed were adults. 1 According to existing recommendations, antibiotic treatment of STEC infection is discouraged because this therapy might increase the risk of HUS development. 5 However, antibiotic therapy is a widely accepted option for the treatment of traveler's diarrhea caused by EAggEC, and azithromycin is one of the antibiotics of choice. through fecal-oral transmission as long as pathogens can be detected in the stool. Because the outbreak strain expresses an aggregative adherence phenotype, bacterial shedding may be prolonged compared with classic EHEC. 8 Clinically, long-term carriage can cause persistent diarrheal symptoms. 9, 10 Moreover, longterm carriers of enteropathogenic bacteria represent a chronic risk of humanto-human transmission and, therefore, their individual social and working life is legally restricted by the German health authorities, posing a high psychological and socioeconomic burden.
For the current outbreak, data on long-term STEC carriage have not as yet been published. In this study, we analyzed the duration of bacterial shedding in 65 patients, comparing those who received azithromycin with those without antibiotic treatment.
METHODS

Inclusion Criteria and Documentation
At the University Hospital of Lü beck, antibiotic therapy was withheld from patients with STEC unless clinically indicated (eg, severe sepsis). Patients with STEC-HUS received supportive therapy (hemodialysis and plasmapheresis) following the ad hoc guidelines of the German Society of Nephrology for treatment of typical HUS in adults.
However, based on recent clinical experience in 3 children with severe STEC-HUS, 11 eculizumab was administered to some patients. Eculizumab therapy was established according to the criteria of severe neurological involvement or persistence of HUS despite plasmapheresis therapy. Eculizumab interrupts the activation of the terminal complement complex; consequently, patients have an enhanced susceptibility to infection with meningococci. 12 Therefore, preventive treatment with azithromycin was recommended for 14 days (500 mg on days 1-3 and 250 mg on days 4, 6, 8, 10, 12, and 14) in addition to meningococcal vaccination.
Enrollment and inclusion of patients for the evaluation of the effect of azithromycin on STEC O104:H4 shedding was performed on June 24, 2011. Major inclusioncriteriaweredetectionofSTECO104: H4 (confirmed by polymerase chain reaction 1 ) in clinically symptomatic or asymptomatic patients receiving or not receiving oral azithromycin with lack of other oral or systemic antibiotic therapy covering E coli. All patients were included if at least 2 microbiological results of stool specimens were available during a period of more than 28 days after onset of clinical symptoms (diarrhea or symptoms associated with HUS if diarrhea was lacking). In addition, patients with STEC infection who transitioned to confirmed noncarrier status were included independent of the duration of microbiological observations.
Confirmed noncarrier status was defined as 2 or more independent STECnegative stool samples over a period of at least 6 days with no subsequent positive results.Fortreatedpatients,atleast1nega-tive stool sample had to be obtained after the end of treatment. All results of culture diagnosis of STEC O104:H4 were documented with regard to the onset of clinical symptoms, defined as day 1. Since the possibility of bacterial clearance and reinfection was assumed to be unlikely, any period before the last stool specimen tested positive for STEC was considered confirmed positive. Long-term carriage was defined as lack of negative stool samples on day 28.
For the observational part of the study (initial azithromycin therapy), patients gave written informed consent and the study was approved by the institutional review board of the University of Lü beck. Moreover, all patients with EHEC who had follow-up contact with our clinic provided written informed consent allowing EHEC-relatedhistoryandclinicalandbiochemical data to be used for scientific purposes. For eradication therapy in longterm carriers, we obtained oral consent from each individual, documented by the attending physician. The prospective part of the study was performed in accordance with the local institutional review board's guidelines.
The 22 patients initially treated with azithromycin are part of a larger multicenterinvestigationevaluatingeculizumab treatment for STEC-HUS, which was approved by all participating centers. All adult patients with HUS in the study reported herein who were not treated with azithromycin because of eculizumab for meningitis prophylaxis are included in a multicenter descriptive study examining E coli O104:H4-induced HUS. However, to date, reports from these studies have not been published.
Decolonization of Long-term Carriers
After post hoc confirmation of successful decolonization of patients who had received azithromycin for prophylaxis of meningitis, 15 adult patients with longterm carriage (Ͼ28 days) of STEC O104: H4 were treated as a proof of principle for 3 days with oral azithromycin (500 mg/ d) for decolonization. These patients had not been treated with eculizumab as the primary indication for azithromycin prophylaxis and were asymptomatic for at least 3 weeks after their diarrheal episode. Serum lactate dehydrogenase and creatinine levels were determined prior to decolonization therapy and 4 to 7 days afterendoftreatment.Stoolspecimenswere collected the day prior to prescription of antibiotic treatment and at least 3 stool specimens were investigated after the end of therapy.
Statistical Analysis
Mean values with standard deviations were calculated for age and time variables. Differences between subgroups were analyzed with the Mann-Whitney test. 2 Statistics were used for categorical data. The t test was used for comparison of laboratory data.
Survival function (in terms of the proportion of STEC carriers), probabilities, and 95% confidence intervals were estimated with Kaplan-Meier methods, using the onset of symptoms as the starting point. The confirmed noncarrier status was set as the outcome event, with the day of confirmation as the event date. This is the most conservative approach because it assumes that until the day of confirmation of noncarriage, a patient is deemedtobepositive.However,itislikely that the patient already may have been a noncarrier several days before confirma-tion. To restrict the period to 42 days after onset of clinical symptoms, carriers at this day were censored. Groups with and withoutinitialazithromycintherapywere compared using the log-rank test and a Coxregressionmodelwasfittoassesshazard ratio.
Level of significance was defined as 2-sided PϽ.05 for all analyses. Because of the acute outbreak situation, a power estimation and sample size calculation were not performed before patient enrollment.Forstatisticalanalyses,weusedSPSS software,version17(SPSSInc)andRsoftware, version 2.14.0 (R Foundation for Statistical Computing). June 24, 2011 , all patients with confirmed STEC O104:H4 infection at the University Hospital of SchleswigHolstein, Campus Lü beck, were recruited (n = 88). Twenty-three patients were excluded because they did not fulfill the inclusion criteria (FIGURE 1). Sixty-five patients met the inclusion criteria, with a mean observation period of 43.5 (SD, 10.5) days (TABLE 1). All results of culture diagnosis of extended-spectrum ␤-lactamase-producing STEC were documented with regard to onset of clinical symptoms (FIGURE 2).
RESULTS
As of
STEC infections and HUS were predominantly observed in female patients (67.6%). The majority of patients were older than 18 years (mean age, 46.6 [SD, 19.7] years). Four of 5 children treated for STEC infection in our medical center could be included in the study. Thirty-seven patients fulfilled the clinical criteria of HUS according to the case definition of the Robert Koch Institute, including thrombocytopenia, hemolytic anemia, and acute renal dysfunction. 13 The initial azithromycin-treated group included 22 HUS patients who had azithromycin therapy for meningitis prophylaxisduringthefirst2weeksoftherapy with eculizumab as recommended by the German Society of Nephrology. On average, patients treated with azithromycin started therapy 11.8 days after the onset of clinical symptoms ( Table 1 ). The control group included 43 patients without antibiotictreatment,including15patients with HUS who improved clinically without eculizumab therapy and therefore did not receive azithromycin therapy, and 28 patients with extended-spectrum ␤-lactamase-producing STEC who did not have clinical signs of HUS. There were no significant differences in the age or sex distributions between the groups ( Table 1) .
Because of the lack of preexisting recommendations for microbiological diagnosis during acute illness, frequency of stoolspecimenanalyseswasnotstandardized from the beginning of the current STEC outbreak. On average, 6.6 (SD, 1.9) and 6.8 (SD, 3.2) samples (range, 2-17) were investigated per patient in the azithromycin group and control group, respectively, during the observed periods ( Figure 2 ). The treatment and control groupswerefollowedupfor40.7(SD,6.6) and 44.9 (SD, 11.8) days, respectively ( Table 1) .
The number of STEC carriers was significantly lower among patients treated with azithromycin (hazard ratio with azithromycin, 0.095; 95% CI, 0.041-0.218; PϽ.001; reference: no antibiotic treatment) (FIGURE 3) . At day 21, rates of STEC carriage were 31.8% (95% CI, 12.2%-51.4%) in the initially treated group and 83.7% (95% CI, 72.7%- Table 2 ).
The observation of rapid clearance of STEC in stool specimens among azithromycin-treated patients and the high rate of long-term STEC carriage in the control group led to the decision to provide azithromycin treatment for 15 patients with remaining symptoms, associated with curtailing of social or work life. The patients had a history of STEC carriage between 30 and 63 days prior to start of decolonization therapy. Ten of these 15 long-term carriers had been part of the initially nontreated control group (Figure 2 ). Of the other 5 patients, 4 had previously been treated at district hospitals or by general practitioners and were then referred to our university outpatient clinic for azithromycin treatment because of persistent pathogen shedding. One asymptomatic long-term carrier was identified by public health authorities. Decolonization therapy was offered to these patients because of individual restrictions in their social or work life. After completion of treatment, all patients had at least 3 STEC-negative stool specimens, indicating successful STEC decolonization. There were no signs of HUS induction due to azithromycin therapy as determined by unchanged serum creatinine and lactate dehydrogenase levels as well as unchanged platelet counts (TABLE 3) .
The remaining 15 patients in the initially nontreated control group who remained STEC-positive at day 42 and were not yet decolonized at the time of data analysishaddifferentoutcomes:4patients were lost to follow-up after days 78, 73, 67, and 50 without a confirmed negative status. Four patients showed late spontaneous conversion to confirmed noncarrier status between days 43 and 68. Seven patients accepted azithromycin therapy and were all rapidly decolonized without any clinical sequelae. This post hoc decolonization group included 2 patients with documented STEC O104:H4-positive stool specimens at the end of October 2011, indicating STEC carriage for more than 160 days. Even among these long-term carriers, stool samples were negative for STEC after eradication therapy. During 6 months of follow-up, as of December 20, 2011 , no patient in either group required rehospitalization or experienced a novel HUS episode.
COMMENT
Antibiotic treatment is controversial in STEC infection, 8 and most recommendations discourage antibiotic use to avoid induction of Shiga toxin expression with the potential risk of developing HUS 14 ; however, there is still no clear evidence for increased risk of HUS due to antibiotic treatment. 15 The STEC strain of the current German outbreak was characterized as E coli harboring a Shiga toxinencodingphageinthegeneticbackground of EAggEC. 2, 3 Enteroaggregative E coli plays a major role in traveler's diarrhea, for which fluoroquinolones, azithromycin, and rifaximin are recommended therapy. 6 Because ofthepotentialofinductionofShigatoxin expression, fluoroquinolones [16] [17] [18] are not suitable for therapy of enteroaggregative STEC infection. For rifaximin, limited experience is available on invasive disease and its use is not recommended in complicated diarrhea with systemic toxicity, fever, or bloody stools. 19 Azithromycin, incontrast,wasdemonstratedtosuppress Shiga toxin expression in the majority of investigated STEC. 17, 18, 20 Moreover, the eradication rate reported in EAggEC infections is 86%. 21 Therefore, azithromycin might be considered a potentially effectiveandsafeantibioticforthetreatment of enteroaggregative STEC infection.
In patients receiving eculizumab therapy, prophylaxis of meningitis was performed using oral azithromycin for 14 days in addition to vaccination. Following this regimen, the duration of STEC shedding was compared with STEC shedding in patients receiving no antibiotic treatment covering E coli. In the initial azithromycin group, the duration of carriage was significantly lower compared with untreated patients, and all azithromycin-treated patients remained STEC-negative after the end of the 14-day treatment period.
Withholding azithromycin treatment, in contrast, resulted in a high rate of longterm carriage. Thus, STEC shedding was documented for more than 4 weeks after onset of clinical symptoms in more than two-thirds of patients. Some patients remained STEC-positive for more than 160 days. The high rate of long-term carriage observed in patients not treated with antibiotics in our study suggests that hundreds of patients still carry STEC O104: H4 in Germany. Despite this observation, the outbreak ended on July 4, 2011, without significant numbers of follow-up cases, 1 suggesting a low potential for person-to-persontransmissionofthecurrent outbreak strain. In the control group, no statistical differences concerning duration of carriage were found between patients with and without HUS. These data suggest that the course and severity of the disease itself are not associated with duration of carriage. The STEC strain is clonally related to a previously described strain (HUSEC041), 22 containing a Shiga toxin variant(stx2a)andseveralvirulencegenes encoded on the EAggEC virulence plasmid. Part of the EAggEC pathogenicity seems to be its ability to produce a strong biofilm by enhancing mucus secretion of the intestinal mucosa with trapping of the bacteria, probably resulting in persistent colonization. 9, 10, 23, 24 Patients with STEC are considered infective as long as bacteria can be detected inthestool.Theinfectiouspreventionlaw of the German health authorities restricts long-term carriers regarding their social and work life (eg, food processing and health services jobs), which represents a high individual socioeconomic burden. Clinically,long-termcarriagemightcause persistent diarrheal symptoms. 9, 25 Therefore, decolonization is an important need for affected patients.
Inthisstudy,wefoundnoevidencethat azithromycinworsenedtheclinicalcourse with regard to local or systemic symptoms in patients with severe HUS. Additionally, partial immunity against Shiga toxin is considered in persons chronically colonized or recurrently infected with STEC. 26 Among the 15 asymptomatic long-term STEC carriers treated with oral azithromycin for 3 days, all patients became STEC-negative within a few days. These data yield a higher eradication rate of the outbreak strain compared with azithromycin in acute EAggEC diarrhea. 21 Among long-term carriers receiving decolonization therapy, no clinical or laboratory measures indicated induction of HUS, corroborating our finding suggesting that oral azithromycin most likely may be used safely for decolonization of STEC O104:H4 longterm carriage. Additionally, as all patients remained STEC-negative after azithromycin therapy, no development of resistance against azithromycin was observed.
Our study had several limitations. The study was limited to patients treated at a single site and the sample size is relatively small. The use of eculizumab and concomitant azithromycin prophylaxis was not based on randomized assignment. Due to the unexpected outbreak onset, stool sampling was initially scheduled following clinical decision but not according to a prespecified protocol. Therefore, several outpatient STEC carriers may have been missed; moreover, HUS patients are overrepresented because patients with a severe clinical course of STEC infection were prefer- ably admitted to our university hospital. However, all patients were treated by the same team of physicians, resulting in stringent and homogenous procedures. Our findings suggest that among patients with STEC infection, exposure to azithromycin is associated with a lower frequency of long-term STEC carriage and that among long-term carriers of STEC, azithromycin given for 3 days was associated with decolonization. These findings warrant confirmation for other STEC strains, as well as prospective evaluation and possible clinical trials.
